Angle transducer based on fiber Bragg gratings able for tunnel auscultation by Quintela Incera, Antonio et al.
 
 
Angle transducer based on fiber Bragg gratings able for tunnel 
auscultation  
 
A. Quintela, J.M. Lázaro, M.A. Quintela, J. Mirapeix, V. Muñoz-Berti, J.M. López-Higuera 
Grupo de Ingenieria Fotónica – University of Cantabria,  
Avd de los Castros s/n , 39005 Santander (Spain) 
ABSTRACT  
In this paper an angle transducer based on Fiber Bragg Grating (FBG) is presented. Two gratings are glued to a metallic 
platen, one in each side. It is insensitive to temperature changes, given that the temperature shifts affect equally to both 
FBG. When the platen is uniformly bent an uniform strain appears in both  sides of the platen. It depends on the bend 
angle and the platen length and thickness. The transducer has been designed to be used in the auscultation of tunnels 
during their construction process and during their live time. The transducer design and its characterization are presented. 
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1. INTRODUCTION  
Nowadays civil engineering, and in particular the construction of tunnels, is demanding new ways of monitoring. Such 
an interest is based on the fact that civil structures and their maintenance are extremely expensive. ..The improvement of  
the security during the construction process is another reason in this regard. The high costs of maintenance are due to the 
fact that the monitoring methods used in these days detect the structure’s degradation when it is too late, i.e. when 
physical damage has already occurred. 
The photonic sensing technology is this area has a very rapid growth and increasing interest nowadays. This is due in 
part to devices such as Fiber Bragg Gratings (FBG), whose inherent characteristics make them very suitable for sensing 
the deformation in civil structures as bridges, dams, buildings, etc1,2. Normally in these sensor systems the FBG are used 
for the measurement of the strain, and it is necessary to implement a method for discrimination between strain and 
temperature3. 
In the case of the tunnel auscultation it could be desirable to have an angle transducer with the advantages provided by 
the optical sensors based on FBG. In this work a possible transducer solution is presented. 
2. THEORY 
This transducer is based on the same idea used by M.G. Xu et al. 4,5 for bend measurement, two FBG in booth sides of a 
platen. When the platen is bent a constant and positive strain appears in the convex side and a negative strain, with the 
same magnitude, in the concave one. Furthermore, a change of temperature will affect equally to both FBGs. If the 
bending changes the wavelength shift of both FBGs will change in opposite directions. In addition, if the temperature 
changes, the wavelength shifts will be similar in both FBGs, therefore it will be very easy to discriminate between 
temperature and bending. In this paper a transducer that converts angle variations bend variations is proposed. 
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Where L’ is the length of the platen top side, d is the thickness an L is the length of the platen. For the bottom side the 
expression for the strain is the same, but with negative sign. So it is necessary to have more strain for the same angle, to 
increase the resolution, there are two options: increase the platen thickness or decrease the length of the platen. Probably 
both FBGs will decrease the dynamic range of the angle transducer. So depending on the desired dynamic range and 










Figure  1. Scheme of the relationship between angle and strain in a bent platen 
 
3.  TRANSDUCER DESIGN  
In Figure 2 a scheme of the proposed transducer is shown. It is composed by two similar pieces that are united by two 
axes. In the middle of the two pieces there are windows where the metallic platen is fixed with the two glued FBGs, one 
in each side of the platen. When the relative angle between the two pieces changes, the platen changes its bend, and also 









Figure 2. Transducer scheme 
 
This sensor has been designed to be used in tunnel auscultation. One of the possible techniques in this regard is the one 
presented in  Figure 3. It consists of several rigid bars united by the angle transducers, as the one proposed in this work. 
As the length of the rigid bar and the relative angle between a consecutive pair are known, it is possible to obtain the 
geometry of a tunnel section, and consequently to check in real time how is their evolution during the fabrication process 
or during their live time. All angle transducers are connected in series, in the same optical channel. In this case all FBGs 


























Figure 3. Tunnel auscultation scheme with the proposed transducer. 
 
4. RESULTS  
The transducer body has been made in aluminum and the metallic platen was of steel. The length of the platen was 10 
mm and the thicknesses 80 micron. Two FBG were glued, one in each side of the platen, using a cyanocrilate glue. The 
FBG was written using phase masks and a continuous double argon laser (244nm) in standard monomode fiber, 
previously hydrogen loaded. 
In Figure 4 two images of the setup used for the measurements are shown. One end of the transducer was fixed to the 
table and the other to a linear stage that was perpendicular to the transducer. So the linear displacement of the stage 
produces a change in the angle between the two parts of the transducer body. The wavelength shift has been measured 
using a FBG interrogator, model BraggMeter from Fibersensing. All the process was controlled by computer. 
 
 
Figure 4. Images of the measurement setup. 
 
The measurement was made from -1.5 to 1.5 degrees with a resolution of 0.01 degree. In Figure 5 obtained results are 
presented, and the wavelength shifts for both FBGs are also shown. In both cases the response is linear and practically 
symmetrical. Ideally both FBGs should exhibit the same response but with different sing, although the experimental 
results are a little different. This is due to the glueing process, given that probably both FBGs were not glued perfectly 
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parallel with the platen and neither in symmetrical positions. This is not especially important, because with a previous 
characterization of the transducers the response of both FBGs is known and it is possible to know from the wavelength 
shifts the angle of the transducer. In this case, as a FBG interrogation unit with 1pmm of resolution is used it is possible 




























Figure 5. Response to the angle of two transducer’s FBG.  
5. CONCLUSIONS 
This work presents an angle transducer based on FBGs able to be used for tunnel auscultation. The transducer consists of 
a metallic platen, with two FBGs glued, one in each side, and two pieces that transform the variation of angle in changes 
of the platen bend, and consequently changes in the platen side strains. In this transducer it is very easy to discriminate 
between strain and temperature, because the response to temperature is equal in both FBGs and the response to the angle 
it is different. This transducer has been designed, fabricated and characterized. The results obtained show a very linear 
relation between the angle and the Bragg wavelengths shifts, so it can be use for tunnel auscultation. 
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